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Ab s tr act 
The interplanetary sector structure observed by the IMP-1 satellite 
during three solar rotations i n  1963-4 i s  compared with the photospheric 
magnetic f i e l d  structure observed with the solar magnetograph at  M t .  
Wilson Observatory. The interplanetary sector structure was most promi- 
nent on the sun i n  la t i tudes between 10°N and 20°N, although the average 
heliographic la t i tude  of the s a t e l l i t e  was 3 1/2OS. 
analysis of the calcium plage structure obtained from the Fraunhofer 
Ins t i t u t e  dai ly  maps of the sun i s  used t o  discuss the re la t ion  between 
the structure of the plages and the interplanetary sector structure.  A 
possible explanation for the observations i s  discussed i n  terms of a 
north-south asymmetry i n  the flow of the solar wind. 
t ha t  these observations favor the "equinoctial" hypothesis as compared 
with the "axial" hypothesis for the  explanation of the  semiannual maxima 
i n  geomagnetic act ivi ty .  
A superposed-epoch 
It i s  suggested 
2. 
1, Interplanetary Sector Structure 
The purpose of th i s  paper i s  t o  compare observations of the photo- 
spheric magnetic f i e l d  and plage structure with s a t e l l i t e  observations of 
the  interplanetary magnetic f ie ld .  
planetary medium from November 27, 1963 t o  February 15, 1964, and i ts  mag- 
netometer experiment has been discussed by NESS e t  al. (1964). 
stationary sector structure i n  the interplanetary medium was discussed by 
WILCOX and NESS (1965) and i s  shown i n  Figure 1. 
with the sun. 
tary magnetic f i e lds  observed a t  t h i s  time has been given by WIXCOX (1966). 
NESS and WILCOX (1966) have discussed the extension of the photospheric 
magnetic f i e l d  into the interplanetary space, and suggested that the la t i -  
The IMP-1 s a t e l l i t e  observed the inter-  
A quasi- --
This structure corotates 
A review of several properties of the solar  and interplane- 
tude of the photospheric source of the interplanetary f ie ld  observed by 
IMP-1 was within 10' o r  15' of the center of the v is ib le  disk. 
present work it is suggested that t h i s  la t i tude  was on the average about 
10°N t o  20°N. 
In  the 
The sol id  l i n e  i n  Figure 2 shows an autocorrelation of the direction 
of the interplanetary magnetic f i e l d  observed by IMP-1. 
i s  indicated by the + and - signs a t  the periphery of Figure 1.) I n  addi- 
t i on  t o  the prominent recurrence peak a t  a lag of about 27 days,  subsidiary 
structure is  present i n  the form of a secondary maximum at about 13 1/2 
days and minima at  about 7 days and a t  about 20 days. 
shown i n  Figure 1 can be idealized t o  consist  of three equal sectors, each 
occupying 2/7 of the  circumference, and one smaller sector occupying 1/7 
of the circumference. The dashed l i n e  i n  Figure 2 shows an autocorrelation 
of this idealized sector structure, which is very similar t o  the envelope 
of the so l id  l i n e  representing the actual  observations. 
(This direction 
The sector structure 
It can thus be seen 
3. 
t h a t  the signature of the  IMP-1 sector s t ructure  appears i n  an autucL,,- La- 
t i o n  i n  the form of a recurrence peak a t  about 27 days together with a 
centered secondary maximum surrounded by the two minima. 
2. Photospheric Magnetic Field Structure 
IMP-1 observed the interplanetary medium during portions of three 
As has been mentioned by solar  rotations during the winter of 1963-4. 
NESS and WILCOX (1966), weather conditions at M t .  Wilson caused several 
gaps i n  the photospheric data  total ing about 25 days, and thus limited 
the  poss ib i l i ty  f o r  detailed analysis. For t h i s  reason the present work 
uses photospheric f i e l d  observations f o r  seven solar  rotations,  centered 
on the three rotations observed by IMP-1. 
study of the large-scale characterist ics of the photospheric magnetic 
f i e l d  during the decline of the last 11-year sunspot cycle being conducted 
by R. Howard and J. Wilcox, the autocorrelation of the direction of the 
photospheric f i e l d  as a function of la t i tude  shown i n  Figure 3 was obtained. 
Details of the  methods used t o  obtain these autocorrelations have been des- 
cribed by NESS and WILCOX (1966). The format of Figure 3 i s  as follows. 
For the  autocorrelation f o r  35ON, the top l i n e  of Figure 3 represents an 
autocorrelation value of 1.0, the horizontal l i n e  labeled 35' represents 
a value of 0.0, and the  next lower l i n e  (labeled 30') represents a value 
of -1.0. 
mately centered about the horizontal l i n e  labeled 35'. 
i s  overlayed using the  sane format. 
I n  the course of an extended 
Within these limits the autocorrelation for 35' i s  shown approxi- 
Each other l a t i t ude  
It can be observed i n  Figure 3 tha t  the autocorrelation for 1 5 O N  i s  a 
good approximation t o  the signature of t he  interplanetary sector s t ructure  
discussed previously i n  connection with Figure 2. The autocorrelations f o r  
4. 
10°N and f o r  20°N also display a f a i r l y  prominent representation of the 
sector-structure signature. 
the signature appears, while a t  0' and at  30°N the signature has completely 
disappeared. The other heliographic la t i tudes  displayed i n  Figure 3 do not 
show the sector signature, with the possible exception of 20's. 
the  adjacent la t i tudes,  15's and 25OS, do not show any t race cf the sector 
signature, which suggests tha t  the apparent signature a t  20's is l i ke ly  a 
result of chance. Thus a coqarison of Figure 2 and Figure 3 suggests t ha t  
heliographic la t i tudes between about 10% and 2OoN had a large-scale struc- 
t u re  most similar t o  the interplanetary sector structure observed by IMP-1. 
It should be noted tha t  the average heliographic la t i tude  of the earth (and 
of IMP-1) during these interp1anetaz-y observations was 3 1/2OS. 
A t  5ON and 25'N only a s l igh t  suggestion of 
However, 
3. Calcium Plage Structure 
HOWARD (1959) has shown that  photospheric magnetic features have a 
close re la t ion  t o  calcium plage regions, such tha t  plages are outlined 
very nearly by a 10-gauss contour l i ne .  It would therefore be of in te res t  
t o  compare the resu l t s  derived from photospheric magnetic f i e l d  observa- 
t ions  with an analysis of the location of calcium plages at  t h i s  time. 
For t h i s  purpose the Fraunhofer Ins t i t u t e  dai ly  maps of the sun are u t i l i zed .  
Using the s a t e l l i t e  observations, a date i s  selected on which one of the 
large sectors shown i n  Figure 1 i s  approximately centered, i . e .  half  of the 
sector has rotated past  the earth. 
spheric and interplanetary magnetic f i e l d  directions by NESS and WILCOX 
(1966) has shown tha t  the average time lag from the appearance of a mag- 
net ic  feature a t  central  meridian on the sun t o  the observation of the 
feature by the s a t e l l i t e  at 1 AU i s  approximately 4 1/2 days. 
A previous cross-correlation of photo- 
Therefore 
5 .  
4 1/2 days are subtracted from the date on which a large sector I s  approxi- 
mately centered a t  the ear th  t o  obtain the date on which t h i s  sector was 
approximately centered a t  central  meridian on the sun. The Fraunhofer 
Ins t i t u t e  solar  map for this  day i s  selected. 
each of the  large sectors observed by IMP-1 during three solar rotations,  
resul t ing i n  eight Fraunhofer Ins t i tu te  maps, each of which skould represent 
a day on which a large sector was approximately centered on the sun. 
each of these maps a t racing i s  prepared i n  which the areas of a l l  plages 
are colored a uniform gray. 
the resu l t  shown i n  Figure 4. 
increased darkening of the illlage i s  vis ible .  
occupy approximately 2/7 of the t o t a l  circumf'erence of 360°, each sector 
should occupy approximately 100'. Since they are approximately centered 
on central  meridian, the preceding boundary of the  sector should be located 
near 50°W longitude and the following boundary of the sector should be near 
50°E longitude. In  Figure 4 it can be observed tha t  the densest concentra- 
t i o n  of plages occurs i n  la t i tude  range 10% t o  20%, which was ea r l i e r  
discussed as the  region most similar t o  the interplanetary sector structure.  
In  t h i s  range of la t i tudes  the  preceding boundary of the  sector (50%) is 
re la t ive ly  free of plages, while the most dense concentration of plages 
occurs approximately 1/4 of the distance in to  the sector. 
portions of the sector there are considerably l e s s  plages. 
The process is  repeated for  
From 
The eight tracings are then overlayed t o  give 
In areas where several plages overlap an 
Since the large sectors each 
I n  the t r a i l i n g  
It i s  of i n t e re s t  t o  compare t h i s  d i s t r ibu t ion  of plages within the 
sectors with the average structure within the  sectors as observed by the 
s a t e l l i t e  and discussed i n  WILCOX and NESS (1965). 
5 represents the  days as an average large sector ro ta tes  past the earth, 
The abscissa of Figure 
with the preceding boundary passing at  0 days and the following boundary 
passing near 8 days. The ordinate shows the average value of an observed 
6 .  
quantity obtained from a superposed-epoch analysis. 
solar  wind velocity reaches a peak i n  the ear ly  portion of the  average 
sector and then declines i n  the following portion. The peak i n  the solar 
wind velocity occurs at approximately the same position within the sector 
as  the maximum density of the plages shown i n  Figure 4. The considerable 
increase shown i n  Figure 5 i n  the solar wind density i n  the t r a i l i n g  por- 
t i o n  of the sector i s  different  from the decrease shown i n  Figure 4 of 
plage density i n  the t r a i l i n g  portions of sectors. 
i n  longitude of plages seems t o  be more similar t o  the  dis t r ibut ion of 
solar wind velocity than t o  the dis t r ibut ion of solar wind density. 
It i s  seen tha t  the 
Thus the dis t r ibut ion 
Figure 6 has been constructed i n  the same manner as Figure 4 except 
that  i n  t h i s  case sector boundaries are near central  meridian. I n  order 
t o  improve the averaging process all observed sector boundaries have been 
ut i l ized,  so that i n  some cases a small (1/7) sector is located near cen- 
tral meridian. 
j u s t  rotated off the western limb, and the preceding boundary of the fol-  
lowing sector is j u s t  east  of central meridian, with the following boundary 
of such a sector j u s t  off t he  eastern limb. It i s  again apparent t ha t  the 
concentration of plages i n  the preceding portion of the sectors i s  consid- 
erably greater than i n  the following portion of the sectors, and tha t  the 
sector boundary near central  meridian i s  re la t ive ly  f ree  of plages. 
I n  Figure 6 the  preceding boundary of a large sector has 
4. North-South Asymmetry 
The f a c t  t ha t  the average heliographic la t i tude  of IMP-1 during these 
observations was 3 1/2OS whereas the  solar structure most similar t o  the  
interplanetary sector structure was a t  l a t i tudes  around 10°N t o  20°N 
requires an explanation. 
the  flow of the  solar wind. 
One possibi l i ty  i s  a north-south asymmetry i n  
WIICOX (1965) suggested tha t  the observation 
.r 
7. 
by EEU (1961) that Itnorthern flares of a given type are far more likely 
to produce significant geomagnetic disturbances than are corresponding 
southern flares" might be understood on the basis of an asymmetric solar 
wind flow. At the time observed by IMP-1, solar activity and the photo- 
spheric magnetic field (R. HOWARD, private communication) were predomi- 
nant in the northern solar hemisphere, which could cause a greater coronal 
heating and temperature in the north as compared with the south. 
higher coronal temperature it would be expected (PARKER, 1963) that a 
greater efflux of solar wind would occur. The resulting imbalance in 
lateral pressure between a larger solar wind efflux in the north and a 
smaller efflux in the south might provide a qualitative explanation for 
a north-south asymmetry in the flow of the solar wind. 
With a 
m e  possibility that a north-south asymmetry in the flow of the solar 
wind may be a reasonably persistent feature is raised by the observation 
of BEU (1962) that the northern solar hemisphere contributed over 50$ of 
the spottedness in cycles 8 and 9 (1833-1866) and in cycles 14-19 (1901- 
1965), while the southern hemisphere contributed over 50$ of the spotted- 
ness in cycles 10-13 (1856-1901). 
5. Axial-Equinoctial Hypotheses 
The cause of the semiannual mexima in geomagnetic activity has been 
a matter of some controversy over the years. 
1963) argue for the "equinoctial" hypothesis in which the varying incli- 
nation of the geomagnetic axis is the primary causal agent. 
(CORTIE, 1912) favor the "axial" hypothesis in which the variation in the 
heliographic latitude of the earth by 2 7.2' is held to be the primary 
cause. For a recent discussion of this controversy see CURRIE (1966). 
Some author6 (BARTELS, 1932, 
Other authors 
a. 
The suggestion i n  the  present paper t ha t  during an in te rva l  i n  which the 
average heliographic l a t i t ude  of the  ear th  was 3 1/2OS the  source of the  
nearby interplanetary magnetic f ield was nevertheless between 10°N and 
20% i s  a substant ia l  crrgument against the axial theory, since t h i s  theory 
assumes tha t  as the heliographic l a t i t ude  of the ear th  changes from 7.2ON 
t o  7.2's the  heliographic la t i tude  of the solar source of the  nearby in te r -  
planetary f i e l d  changes i n  a corresponding manner. 
NESS (1965) found tha t  the posit ion of the neutral  sheet i n  the ear th ' s  
magnetic tail is best described i n  a coordinate system tha t  includes the 
direction of the geomagnetic axis. 
the  geomagnetic axis on the configuration of the magnetosphere i s  a substan- 
tial argument i n  favor of t he  equinoctial hypothesis. 
This demonstration of the influence of 
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Figure Legends 
Fig. 1. The interplanetary sector structure observed by IMP-1. The 
+ signs (away from the sun) and - signs (toward the sun) a t  the circum- 
ference of the figure indicate the direction of the measured interplane- 
t a r y  magnetic f i e l d  during successive +hour intervals.  
Fig. 2. Autocorrelation of the observed direction of the interplanetary 
magnetic f ie ld .  The sol id  l i n e  i s  from the observations, and the dashed 
l i n e  is the autocorrelation of the idealized sector structure shown i n  the 
center of Figure 1. 
t h a t  the interplanetary magnetic f ie ld  structure corotates with the sun. 
The large posit ive peak at  about 27 days lag indicates 
Fig. 3. 
f o r  heliographic la t i tudes  from 35ON t o  35's i n  in t ema l s  of 5'. 
solar rotations centered on the three rotations observed by IMP-1 are  
included. 
Autocorrelations of the photospheric magnetic f i e l d  direction 
Seven 
The format i s  explained i n  the text. 
Fig. 4. 
from the dai ly  Fraunhofer Ins t i tu te  maps of the sun. 
shown i n  Figure 1 are approximately centered a t  central  meridian, so t h a t  
t he  leading eQ'e of the sector i s  a t  about 50% and the trailing edge of 
the sector is  about 50°E longitude. 
Superposed-epoch analysis of calcium plage structure obtained 
The large sectors 
Fig. 5. Schematic representation of the average solar wind velocity 
and solar wind density as a function of posit ion within the large sectors. 
Range of velocity, 280 t o  340 km/sec; density, 7 t o  14 protons/cc. The 
position labeled 0 days would correspond t o  about 50Ow i n  Figure 4, the 
position labeled 4 days would correspond t o  central meridian i n  Figure  4, 
and the position labeled 8 days would correspond to  about 50°E i n  Figure 4. 
F i g .  6 .  
central meridian. 
Same as Figure 4 except' that the sector boundaries are near 
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